Objective: To characterize the prevalence of chronic obstructive pulmonary disease (COPD) among residential care facility (RCF) residents in the United States, and to compare patterns of hospital visits and comorbidities with residents without COPD. Method: Resident data from the 2010 National Survey of Residential Care Facilities were analyzed. Medical history and information on past-year hospital visits for 8,089 adult residents were obtained from interviews with RCF staff. Results: COPD prevalence was 12.4%. Compared with residents without COPD, emergency department visits or overnight hospital stays in the previous year were more prevalent (p < .05) among residents with COPD. Less than 3% of residents with COPD had no comorbidities. Arthritis, depression, congestive heart failure (CHF), diabetes, coronary heart disease, and asthma were more common (p < .05) among residents with COPD than those without COPD, but Alzheimer's disease was less common. Discussion: COPD is associated with more emergency department visits, hospital stays, and comorbidities among RCF residents.
Introduction
. The National Center for Health Statistics conducted the NSRCF in 2010. The survey used a stratified two-stage probability sampling design. The first stage was the selection of residential care facilities (RCFs). Lists of licensed RCFs were acquired from licensing agencies in the 50 states and District of Columbia and concatenated to form a sampling frame of nearly 40,000 RCFs. The RCFs surveyed were state-regulated, had four or more beds, and provided room and board with at least two meals per day, aroundthe-clock supervision, and help with personal care or health-related services. Facilities licensed to serve developmentally disabled or severely mentally ill populations exclusively were excluded, as were nursing homes, unless they had a unit or wing meeting the RCF definition and residents who could be evaluated separately from other nursing home residents. The second stage was the selection of residents at the RCFs. Data for 8,094 residents aged ≥18 years were obtained from in-person interviews with RCF staff (proxy respondents) of 2,302 facilities. The overall weighted survey response rate was 79.4% (the product of the facility weighted response rate and the resident weighted response rate; Moss et al., 2011) . Additional details regarding the design and operation of the survey are available at http://www.cdc.gov/nchs/ nsrcf.htm. NSRCF was approved by the Research Ethics Review Board of the National Center for Health Statistics.
COPD and Comorbidities
For each resident selected, the survey respondent (RCF staff) was asked, "As far as you know, has a doctor or other health professional ever diagnosed [the resident] with any of the following conditions?" The respondent was shown a card with a list of 30 conditions and asked to select all that applied. The list included emphysema, chronic bronchitis, and COPD (each listed separately). These responses were not mutually exclusive and a resident could have more than one of these conditions (e.g., emphysema and chronic bronchitis). In this study, COPD was defined as having any of these three conditions. Responses to this question were also used to categorize residents according to comorbidity status for the individual conditions included on the list, as well as categories of comorbidities: circulatory system disorders (congestive heart failure [CHF] , coronary heart disease, heart attack or myocardial infarction, high blood pressure or hypertension, stroke, other heart condition or heart disease), mental and behavioral disorders (Alzheimer's disease or other dementia, depression, intellectual or developmental disabilities, serious mental problems [e.g., schizophrenia or psychosis], other mental, emotional, or nervous conditions), musculoskeletal or connective tissue disorders (arthritis or rheumatoid arthritis; gout, lupus, or fibromyalgia; osteoporosis), eye diseases (glaucoma, macular degeneration), and nervous system disorders (nervous system disorders including multiple sclerosis, Parkinson's disease, and epilepsy; partial or total paralysis; spinal cord injury; traumatic brain injury; cerebral palsy; muscular dystrophy).
Hospital Visits
Survey respondents also were asked the following questions about the resident's hospital visits in the past 12 months (or in the months since the resident moved into the RCF): "During this time, has [the resident] been treated in a hospital emergency room?" "During this time, has [the resident] been a patient in a hospital overnight or longer (excluding trips to the emergency room that did not result in a hospital stay)?" and "How many times has [the resident] been treated in a hospital emergency room over this period?"
Sociodemographic Variables
Data were also collected on residents' sex, age (18-64 years, 65-74 years, 75-84 years, ≥85 years), race/ethnicity (non-Hispanic White, non-Hispanic Black, other), education (high school or less, some college or more, unknown), and marital status (married, divorced/separated, widowed, never married).
Statistical Analysis
Statistical analyses were conducted using SAS 9.2 (SAS Institute, Inc.) with SUDAAN 10.0.1 (RTI International) to account for the complex sampling design. The nesting variables were RSTRATUM (first-stage stratum) and FACID (first-stage primary sampling unit). The resident weighting variable was RESFNWT. The design option WOR (sampling without replacement) was used with the variables RPOPFAC (variable for total facilities needed to calculate the finite population correction at the first stage) and POPRES in the TOTCNT statement. (A description of the variables that should be used by other statistical packages is included in the Survey Methodology and Documentation available at http://www.cdc.gov/nchs/nsrcf/nsrcf_questionnaires.htm.) Weighted prevalence estimates of COPD with 95% confidence intervals (CIs) were obtained by sociodemographic characteristics. Prevalence of hospital visits, overnight stays, and chronic health conditions by COPD status was also calculated. Finally, prevalence of emergency department visits by COPD and comorbidity status was also calculated. T-tests were used to compare residents with COPD with those without COPD. Statistically significant differences were defined as p value < .05.
Results
Out of the 8,094 residents for whom data were collected, 5 were missing chronic disease data and were omitted from analyses. Characteristics of the sample population are presented in Table 1 . The 8,089 residents surveyed represented 732,987 residents nationally. The resident population was predominantly women (69.6%), aged 85 years or older (53.8%), non-Hispanic White (91.1%), had no more than a high school education (50.4%), and widowed (63.2%). At least one of the COPD conditions (chronic bronchitis, emphysema, or COPD) was reported for 12.4% of the study population, corresponding to more than 91,000 residents nationally. The prevalence of COPD was higher (p < .05) among men than women (14.8% vs. 11.4%) and was lower among residents aged 85 years and above (10.3%) compared with the other age groups (Table 2) . COPD prevalence did not differ significantly between groups defined by race/ethnicity or level of education, but was significantly lower among married residents (9.8%) compared with residents who were divorced or separated (15.1%), as well as never married residents (13.6%).
Compared with residents without COPD, those with COPD were significantly more likely to have visited a hospital emergency room in the previous 12 months (42.5%, 95% CI [38.6%, 46.5%], compared with 33.4%, 95% CI [31.9%, 34.8%]; p < .0001), to have made at least three visits to a hospital emergency room in that time (10.5%, 95% CI [8.3%, 13.2%], compared with 5.3%, 95% CI [4.7%, 6.1%]; p = .0001), and to have stayed in a hospital overnight (31.6%, 95% CI [28.3%, 35.2%], compared with 22.7%, 95% CI [21.4%, 24.0%]; p < .0001) after adjustment for age differences (Figure 1 ).
Compared with residents without COPD, the age-adjusted prevalence of the following chronic conditions was significantly higher among residents with COPD: depression, arthritis, diabetes, coronary heart disease, CHF, anemia, serious mental problems such as schizophrenia or psychosis, kidney disease, heart attack, and asthma (Table 3 ). The following conditions were significantly less prevalent among residents with COPD: Alzheimer's disease or other dementia and nervous system disorders including multiple sclerosis, Parkinson's disease, and epilepsy. We also grouped categories of chronic conditions. Residents with COPD were more likely to have circulatory system disorders and musculoskeletal or connective tissue disorders than residents without COPD. Overall, the age-adjusted mean number of chronic health conditions (excluding COPD) was higher among residents with COPD (M = 3.97 vs. 3.25). Among residents without a given chronic condition, COPD was associated with a higher age-adjusted prevalence of having visited a hospital emergency room in the previous 12 months (Table 4 ) and of having an overnight hospital stay in the previous 12 months (Table 5) . Among residents with a given chronic condition, COPD was associated with a higher age-adjusted prevalence of having visited a hospital emergency room (Table 4) 
Discussion
The prevalence of COPD for the RCF population was 12.4%, similar to the prevalence of self-reported physician-diagnosed COPD among the noninstitutionalized U.S. population aged 65 years and above (Ford et al., 2013) . However, the COPD prevalence was higher among men compared with women, in contrast to estimates in the general population (Ford et al., 2013) . As the RCF population is older than the general population, this difference may reflect more men having a history of cigarette smoking compared with women in this older cohort (Burns et al., 1997) . Women are at a higher risk of hospitalization and death from COPD than are men (Ohar, Fromer, & Donohue, 2011) . Fewer women with COPD may be living long enough to be represented in the RCFs. They may also require more care than is normally provided by RCFs. The prevalence was lowest among residents aged 85 years or above (10.3%). No differences in COPD prevalence were found by race/ ethnicity or level of education, but it was less common among married individuals compared with those who were separated or divorced or had never married or were widowed. This observation supports the frequently found association between being married and better health (Schoenborn, 2004) and is similar to the pattern found in the general population (Centers for Disease Control and Prevention, 2012; Ford et al., 2013) . In addition to different study populations, it should be noted that these surveys of the general population (Centers for Disease Control and Prevention, 2012; Ford et al., 2013) relied on self-reports of physician-diagnosed COPD in contrast to the NSRCF's use of medical records. This methodological difference could also contribute to discrepancies in prevalence estimates. Comorbidities are common among patients with COPD (Garcia-Olmos et al., 2013; Mapel et al., 2000) . Residents with COPD had a significantly higher mean of 4 chronic conditions (in addition to COPD), compared with only 3.25 chronic conditions for residents without COPD. In addition, various studies have observed higher rates of individual chronic conditions among persons with COPD than among those without COPD including cardiovascular disease (Feary et al., 2010; Lindberg et al., 2011; Sin & Man, 2005) , coronary heart disease (Garcia-Olmos et al., 2013; Mapel et al., 2000; Schnell et al., 2012) , CHF (Garcia-Olmos et al., 2013; Mapel et al., 2000; Schnell et al., 2012) , myocardial infarction (Garcia-Olmos et al., 2013; Mapel et al., 2000; Soriano et al., 2005) , hypertension (Lindberg et al., 2011) , stroke (Feary et al., 2010; Lindberg et al., 2011; Schnell et al., 2012) , diabetes (Feary et al., 2010) , chronic kidney disease (Schnell et al., 2012) , arthritis (Schnell et al., 2012) , depression (Schnell et al., 2012) , osteoporosis (Garcia-Olmos et al., 2013; Schnell et al., 2012; Soriano et al., 2005) , cancer (Mapel et al., 2000; Schnell et al., 2012) , ulcers/gastritis (Mapel et al., 2000) , asthma (Garcia-Olmos et al., 2013) , anemia (John et al., 2006) , and visual impairment (Schnell et al., 2012; Soriano et al., 2005) .
In this RCF population, compared with residents without COPD, residents with COPD were more likely to have the following conditions: coronary heart disease, a history of myocardial infarction, diabetes, kidney disease, arthritis, anemia, depression, serious mental problems such as schizophrenia or psychosis, and other mental, emotional, or nervous conditions. The difference in prevalence was especially pronounced for CHF (26.4% among those with COPD vs. 11.3% among those without) and asthma (14.5% vs. 2.7%). Other studies have observed a higher prevalence of CHF among individuals with COPD compared with those without (Garcia-Olmos et al., 2013; Mapel et al., 2000; Schnell et al., 2012) . In a case-control study of a health maintenance population by Mapel and colleagues, 13 .5% of patients with COPD had CHF, much higher than the prevalence among controls (2.5%; Mapel et al., 2000) . Among family practice patients in Madrid, the age-and sex-adjusted prevalence ratio for CHF was 2.41 (8.03% vs. 3.34%), the highest prevalence ratio for any of the chronic diseases included in the study (Garcia-Olmos et al., 2013) . The difference was also dramatic in a cross-sectional study of the noninstitutionalized U.S. population (the National Health and Nutrition Examination Survey 1999-2008) with CHF prevalence of 12.1% for participants reporting COPD versus 3.9% for those without (Schnell et al., 2012) . Asthma and COPD are often reported together (Garcia-Olmos et al., 2013) . Due to common symptoms and risk factors, it may be difficult for primary care physicians to differentiate between the two conditions. However, the existence of an overlap syndrome, in which both asthma and COPD are present, has been confirmed among older individuals (Marsh et al., 2008) .
At the other end of the spectrum, Alzheimer's disease or other dementia and nervous system disorders such as Parkinson's disease were less common among residents with COPD. Although little is known about the association of COPD with Alzheimer's disease, many investigations into the association between smoking (the primary cause of COPD in the United States) and Alzheimer's disease have been undertaken (Cataldo, Prochaska, & Glantz, 2010; Ferri et al., 2011; Garcia, Ramon-Bou, & Porta, 2010) . Many crosssectional studies have demonstrated an inverse relationship, which could be attributed to early mortality from smoking-related causes (Debanne, Bielefeld, Cheruvu, Fritsch, & Rowland, 2007) , the potential effects of nicotine on dementia symptoms (Echeverria & Zeitlin, 2012) , or the positive association of smoking with protective factors, such as coffee consumption (Lopez- Garcia et al., 2006; Nettleton, Follis, & Schabath, 2009 ). However, some investigators support the hypothesis that these results are largely indicative of bias (Cataldo et al., 2010; Debanne et al., 2007) . Similarly, Parkinson's disease and smoking have repeatedly been shown to be inversely related (Chen et al., 2010; Liu et al., 2012; Quik, Perez, & Bordia, 2012; Wirdefeldt, Adami, Cole, Trichopoulos, & Mandel, 2011) .
COPD is an important cause of emergency department visits and hospitalization among adults in the United States (Buckelew, DeGood, Roberts, Butkovic, & MacKewn, 2009 ). In 2010, there were an estimated 1.5 million (72.0 per 10,000) emergency department visits and more than 699,000 (32.2 per 10,000) hospital visits among U.S. adults aged ≥25 years with COPD as the discharge diagnosis (Ford et al., 2013) . In the same year, only 4% of all emergency department visits that resulted in hospital admissions for patients aged 65 years or above had COPD listed as the principal diagnosis, but nearly a quarter (23%) had COPD listed as any diagnosis (Buckelew et al., 2009) . The corresponding estimates for all hospital stays were 3.3% with COPD listed as the principal diagnosis and 21% with COPD listed as any diagnosis (Buckelew et al., 2009) . Several chronic health conditions associated with an increased rate of ER visits by RCF residents had an additional increase associated with COPD. These conditions (hypertension, depression, CHF, and diabetes) were common in the RCF population, with each condition having a prevalence of at least 10%, but, with the exception of hypertension, they were even more prevalent among residents with COPD. The same can be said of the following chronic health conditions associated with a higher prevalence of overnight hospital stays and also an additional COPD-associated increase: hypertension, depression, other mental, emotional, or nervous conditions, and cancer.
There are several actions RCF staff can take to improve care of their residents with COPD. A significant portion of COPD exacerbations that require hospitalization are due to pulmonary infections (Tsai, Clark, Cydulka, Rowe, & Camargo, 2007) , stressing the importance of vaccination of individuals with COPD. The American Thoracic Society has recommended that COPD patients receive an annual influenza vaccine, as well as a pneumococcal vaccination at least once (American Thoracic Society/European Respiratory Society Task Force, 2004). In addition, RCF staff may be able to help prevent COPD exacerbations by improving residents' medication adherence (Bourbeau, 2010) . RCF staff may also be able to reduce hospitalizations by improving residents' adherence to treatment for their comorbidities, such as hypertension, depression, diabetes, and congestive heart failure. Providing assistance with smoking cessation and promotion of physical activity would also be especially beneficial for COPD patients (American Thoracic Society/ European Respiratory Society Task Force, 2004).
This study was subject to some limitations. The NSRCF relied on RCF staff for data on residents' chronic disease history. Although the staff had access to residents' records, it is possible that some information was overlooked or missing from these records. However, these data may also have been more reliable than residents' self-reports would have been, especially for older residents suffering from dementia or other conditions that would impair memory or understanding of questions asked. Regarding data on hospital visits, the reason for these visits was not available. Therefore, although residents with COPD were more likely to visit hospital emergency rooms and have overnight hospital stays than those without COPD, these visits may not have been due to COPD, but to other conditions. Future research in this population would benefit from details about reasons for hospital visits, as well as information about vaccinations, and smoking policies at the facilities.
Conclusion
Chronic medical conditions are common among residents of RCFs with COPD. Residents with COPD are more likely to have specific conditions such as congestive heart failure and asthma than are other residents and are also more likely to have visited a hospital emergency room or had an overnight hospital stay in the previous year.
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